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surface and then contribute extensively to
the arterial plexus. PE cells could only
contribute to subepicardial vessels.
Finally, mouse fetuses conditionally
deleted for Vegf-a in myocardium or for
the Vegf receptor-2 (Vegfr2) gene in endo-
cardium show coronary hemorrhage and
a substantial reduction of the arterial
endothelial plexus, with the subepicardial
venous plexus more modestly affected,
reinforcing the notion of distinct molecular
pathways guiding the different contribu-
tors to the coronary circulation.
The Wu et al. study makes a valuable
contribution to the ongoing debate on
the origins and mechanism of formation
of the coronary vascular tree. Indeed, it
seems possible that the coronaries have
a multilineage origin (Figure 1), although
dissecting the precise contributions from
the endocardium and sinus venosus (and
PE) will require further work. High-resolu-
tion and real-time imaging to detect
sprouting, budding, or EMT of endo-
cardium will surely follow this study.934 Cell 151, November 21, 2012 ª2012 ElseContrasting suggestions that a cardiac
hemogenic endothelium arises within
the coronary arterial plexus (Red-Horse
et al., 2010) and that the venous plexus
has a hemopoietic origin and harbors he-
moangioblastic cells (Lavine et al., 2008)
require further study to fit into the current
framework.
The results reflect the plasticity of the
early endocardium and sinus venosus,
and they may have implications for how
we think about and study vascular plas-
ticity in pathologies such as cancer and
during revascularization and reparative
therapies, including stem cell therapies,
for the diseased heart.
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The mammalian brain comprises a diverse variety of cell types. Fine characterization of specific
subpopulations of neurons, however, has been a technical challenge. Here, Knight et al. describe
an elegant technique for high throughput of molecular profiling of activated hypothalamic neurons.Technological advancements provide
platforms for landmark discoveries,
thereby helping to solve age-old prob-
lems. The complexity of the central ner-
vous system and the limited number
of tools available to dissect intricate
networks deep in the brain, such as the
hypothalamus, have posed significant
limitations in the field of energy metabo-lism regulation. In this issue ofCell, Knight
et al. (2012) develop a method to selec-
tively characterize the transcriptome of
neurons in response to stimuli within the
hypothalamus.
Several techniques have been devel-
oped to unravel intricate brain circuits.
Some of these approaches involve identi-
fication of target neuronal populationsbased on the specific or quasispecific
genetic profile of these cells. Utilizing
specific promoter-induced transcription
of ectopic proteins (e.g., cre recombi-
nase, green fluorescent protein [GFP],
and ChR2), it is possible to selectively
target neuronal populations and allow
testing of their function in the circuitry.
To date, however, transcriptional markers
Figure 1. Representation of the Phosphorylated Ribosome Capture Technique
Silent neurons have decreased ribosome activity, which is represented by low levels of S6 phosphory-
lation. When neurons are activated via specific stimuli, S6 becomes phosphorylated, and immunopre-
cipitation of the ribosome complex with pS6 antibodies yields mRNA synthesized during activation. By
combining behavioral tasks or other tools to manipulate cell activity, it is possible to pull down ribosomes
from target areas in the brain to identify the molecular profile of activated cells under the given circum-
stance. After validation of genes identified during molecular profiling, animal models can be generated to
further manipulate and study the circuitry. Subsequently, techniques to activate or deactivate neurons can
be used to test the role of a specific subset of cells in behavior and other regulatory systems. It is also
possible to combine these techniques with tracing technologies to investigate projection fields.are lacking for the great majority of
the cells in the central nervous sys-
tem. Nonspecific markers of neuronal
activation—for example, the early gene
c-fos—are utilized to target neurons
during behavioral tests (Matsuo et al.,
2008). In this study, Knight and colleagues
were motivated to identify a way to mark
the transcriptome of specific neuronal
populations in response to activation by
various stimuli (Knight et al., 2012). The
authors apply concepts of neuronal
physiology and biochemistry to develop
a pull-down method that relies on the
activation of the ribosome-transcription
machinery. After meticulous characteri-
zation, they identify a phosphorylation
site in the ribosome protein S6 that is
highly and specifically phosphorylated
under neuronal activation (pS6244) and
could be used as a target for immunopre-
cipitation by using commercially available
antibodies. By pulling down the ribosome
complex with an anti-pS6244 antibody,
they are able to enrich for messenger
RNAs (mRNAs) from activated neurons
and characterize the transcripts by
using molecular techniques such as
quantitative PCR and RNA sequencing
(RNA-seq) (Figure 1).An immediate application of the tech-
nique was to identify specific subpopula-
tions of cells in heterogeneous parts of
the brain where neighboring neurons are
activated and inactivated at the same
time in response to the same stimulus.
One such region is the hypothalamus.
The discovery of the adipose-tissue-
derived metabolic hormone, leptin (Zhang
et al., 1994), and its effect on whole-body
physiology via hypothalamic neurons
(Cowley et al., 2001) revolutionized the
study of metabolism and metabolic
disorders. During the last 20 years,
increasingly sophisticated methods have
been brought to bear on hypothalamic
circuit organization and function. Never-
theless, fundamental questions remain
regarding the fine molecular underpinning
of differential regulation of neighboring
neuronal populations in the hypothalamus
by the same cue. It is crucial to gain
understanding of these principles for the
advancement of the field.
In testing their approach, the authors
utilize several known behavioral stimuli
to induce cell activation in the hypothal-
amus of mice and subsequently isolate
pS6-target ribosomes for PCR analyses.
They confirm the expression of knownCell 151, Ngenes in response to a salt challenge
(e.g., vasopressin, oxytocin, and crh) and
fasting (e.g., agrp, npy, and ghsr). The
technique was also capable of detecting
reduction in the expression of transcripts
after the challenges. For example, after
food deprivation, the authors confirm
reduction in the levels of pomc in the
hypothalamus. While detecting several
well-studied genes, they are also able to
identify new targets related to such
challenges. Among the numerous hits
identified by the authors as new genes
regulated by energy metabolism, the
downregulation of slc1a2 (a glutamate
transporter in astrocytes) and gfap during
fasting is especially worth mentioning. In
agreement with a putative role of hypo-
thalamic astrocytes in the regulation of
energy balance (Horvath et al., 2010),
recent studies have identified a direct
role for leptin in the regulation of gluta-
mate and glucose transporters in these
cells (Fuente-Martı´n et al., 2012). In addi-
tion, Knight et al. (2012) explore the
changes in gene expression that occur
during scheduled feeding in mice, which
resembles intermittent feeding in humans.
Remarkably, they discover a new popula-
tion of cells in the dorsomedial hypothal-
amus (DMH) that expresses prodynorphin
(Pdyn) and signals through the k-opioid
receptor to limit food intake during
scheduled meals. One limitation of the
technique is the need to pool samples
from multiple animals to yield enough
samples for one experiment. Further, the
kinetics of pS6 induction is not clearly
understood, and it may not be a marker
for neurons in all contexts. Nonetheless,
the method allows the authors to perform
an unbiased discovery of genes in
hundreds and sometime only dozens of
functional neuronal subpopulations.
Previous reports have utilized tech-
niques along these lines to identify and
characterize the transcriptome of dif-
ferent cell types in the brain (Heiman
et al., 2008). By labeling ribosomes with
markers such as eGFP, it is possible to
determine the molecular identity of
distinct neuronal populations. The work
by Knight et al. (2012) extends this further
through the use of ribosome precipitation.
A strong advantage of this study is that it
utilizes an endogenous pS6 site to pull
down the ribosomes without the need of
the expression of ectopic proteins and,ovember 21, 2012 ª2012 Elsevier Inc. 935
hence, allows for a new way to map the
functional organization of gene expres-
sion in the brain.
Together with the toolbox already
available for neuroscientists (Geffers
et al., 2012; Giepmans et al., 2006;
Madisen et al., 2012), the capture of phos-
phorylated ribosomes opens entirely new
opportunities for circuitry dissection in the
brain. For example, combining specific
methods of remote cell activation as well
as inhibition (photic or chemical) with ribo-
some phosphorylation may help to iden-
tify the molecular signature of target cells.
Such a combinatorial approach would
potentially have a transformational influ-
ence in neuroscience.936 Cell 151, November 21, 2012 ª2012 ElseREFERENCES
Cowley, M.A., Smart, J.L., Rubinstein, M., Cerda´n,
M.G., Diano, S., Horvath, T.L., Cone, R.D., and
Low, M.J. (2001). Nature 411, 480–484.
Fuente-Martı´n, E., Garcı´a-Ca´ceres, C., Granado,
M., de Ceballos, M.L., Sa´nchez-Garrido, M.A.,
Sarman, B., Liu, Z.W., Dietrich, M.O., Tena-
Sempere, M., Argente-Arizo´n, P., et al. (2012). J.
Clin. Invest. 122, 3900–3913.
Geffers, L., Herrmann, B., and Eichele, G. (2012).
Mamm. Genome 23, 525–538.
Giepmans, B.N.G., Adams, S.R., Ellisman, M.H.,
and Tsien, R.Y. (2006). Science 312, 217–224.
Heiman, M., Schaefer, A., Gong, S., Peterson, J.D.,
Day, M., Ramsey, K.E., Sua´rez-Farin˜as, M.,
Schwarz, C., Stephan, D.A., Surmeier, D.J., et al.
(2008). Cell 135, 738–748.vier Inc.Horvath, T.L., Sarman, B., Garcı´a-Ca´ceres, C.,
Enriori, P.J., Sotonyi, P., Shanabrough, M., Borok,
E., Argente, J., Chowen, J.A., Perez-Tilve, D., et al.
(2010). Proc. Natl. Acad. Sci. USA 107, 14875–
14880.
Knight, Z.A., Tan, K., Birsoy, K., Schmidt, S.,
Garrison, J.L., Wysocki, R.W., Emiliano, A.,
Ekstrand, M.I., and Friedman, J.M. (2012). Cell
151, this issue, 1126–1137.
Madisen, L., Mao, T., Koch, H., Zhuo, J.M.,
Berenyi, A., Fujisawa, S., Hsu, Y.W., Garcia, A.J.,
III, Gu, X., Zanella, S., et al. (2012). Nat. Neurosci.
15, 793–802.
Matsuo, N., Reijmers, L., and Mayford, M. (2008).
Science 319, 1104–1107.
Zhang, Y., Proenca, R., Maffei, M., Barone, M.,
Leopold, L., and Friedman, J.M. (1994). Nature
372, 425–432.
